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Measurement of Rayleigh Scattering in Aerogels
Skyler Stauffer, IPFW Department of Physics
Aerogel Production
Aerogels begin as a mixture of water, ethanol, and Tetraethyl orthosilicate (TEOS).
The TEOS then solidifies to form the silica framework that will comprise the finished
gel. At this point it is filled with water and ethanol, the evaporation of which would
destroy the structure of the gel. Therefore, they must be removed in other ways. To
do this, we first remove the water by soaking the gel in ethanol for about a week.
The ethanol is then removed submerging them in liquid carbon dioxide. When the
ethanol in the gels has been completely replaced by carbon dioxide, the
temperature and pressure is increased until the carbon dioxide is supercritical. The
supercritical carbon dioxide can then safely be extracted from the gels by letting the
pressure out. The key to this procedure is that the transition from supercritical to gas
damages the gels far less than simple evaporation would.
Properties of Aerogels
When the supercritical carbon dioxide is extracted, a porous silica framework is left
behind. The porosity of this structure is what gives the aerogel its unique properties.
Because these air filled pores make up over 95% of the gel’s volume, aerogels have
the lowest density of any known solid and an impressively low thermal conductivity.
Rayleigh Scattering
Aerogel pores are extremely small (on the order of 10-100 nm). Since they are so
much smaller than the wavelengths of visible and near infrared light (the visible
spectrum spans from about 400 nm to about 700 nm), the aerogel exhibits a type of
wavelength dependent scattering known as Rayleigh scattering. Rayleigh scattering
also depends upon the size of the scattering particles.   The full expression for the
scattering cross section is shown below.σ = 3 − 1+ 2
Where is the wavelength of the light, a is the diameter of the particle causing the
scattering, n is the refractive index of the gel, and m is the relative refractive index
of the pores.
Some aerogel samples
Experiment
The wavelength dependence of the Rayleigh scattering can be observed by measuring
the intensity of light scattered by the aerogel. To do this, I set up the experiment shown
below.
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I used 4 lasers with wavelengths of 405, 532, 650, and 1064 nanometers  in this
experiment. Since the lasers had different base intensities, I split  the beam and
compared the intensity of the scattered light to the initial intensity of the beam. I then
plotted this ratio vs wavelength to produce the graph shown below.
The supercritical dryer (right) are shown above. The
dryer is used to exchange ethanol for carbon dioxide
under high pressure and for the subsequent
supercritical extraction.
Goals
Aerogels owe their unique properties to the extremely small size of their pores.
The purpose of this research is to look at how to measure the size. This has been
done in previous work by measuring properties of the aerogel such as their
thermal, electrical, and optical properties. We want to use several different
approaches.  These are Rayleigh scattering, Scanning electron microscopy, Atomic
Force microscopy, Capacitance measurement, and interferometry.
Experimental setup to detect scattering
Conclusions
These preliminary results are sufficient to show that the scattering diminishes with
increasing wavelength as predicted. The accuracy of the measurement of the 1064
nm laser is questionable, as the detectors’ sensitivity to IR was very low. A full
analysis will require a more sensitive detector or an amplifier with higher gain.
Introduction
Aerogel is a low density, highly porous material composed of a silica nanoframework.
Many of their applicable properties are related to the size of their pores. These
properties, which include thermal conductivity, dielectric constant, and Rayleigh
scattering, might therefore be useful in determining pore size. An aerogel’s pore size
is affected by the methods used in its creation, and is somewhat indicative of its
quality. Measurements of pore size can therefore be useful in perfecting aerogel
production. Optimizing production will make them more applicable in electrical and
optical systems, as well as increasing their effectiveness as thermal insulators. I will
present my results on making aerogels and also my techniques for determining pore
size.
